Electric properties of Holmium substituted SrBi4Ti4O15ceramic for High Temperature Piezoelectric Applications  by Sarah, P.
Available online at www.sciencedirect.com
* Corresponding author. Tel.: +0-9440008222; fax: +08413-253482. 
         E-mail address: pasala_sarah@yahoomail.com. 
ICM11 
Electric properties of Holmium substituted SrBi4Ti4O15 ceramic 
for High Temperature Piezoelectric Applications 
P. Sarah 
Material Research Lab., Vardhaman College of Engineering, Kacharam, Shamshabad,  Hyderabad, A.P. India
Abstract 
Piezoelectric ceramics have been widely used for several applications, such as those in filters for mobile communications; 
resonators for microprocessors, actuators for inject printers and sensors for detecting shock and hard disc drives (HDDs). 
Recently the family Aurivillius Bismuth Layer-Structure Ferroelectrics (BLSFs) has received attention for their use in the 
nonvolatile Ferroelectric Random Access Memory (FeRAM). In addition BLSFs have their application in electronic functional 
devices such as resonators and high temperature sensors etc. In the case of resonator applications, piezoelectric elements are used 
as inductors. Furthermore BLSFs generally have higher Curie temperature than PZT based materials. Therefore BLSFs are an 
attractive alternative to PZT based materials for high temperature piezoelectric sensor applications.
 
 
 
 
 
 
The Electric properties of the SrBi4Ti4O15 (SBT) compound, which is a member of the family of Aurivillius Bismuth Layer-
Structure Ferroelectrics, are studied using a rare earth, Holmium dopant. SrBi4-xHoxTi4O15 (x=0.00, 0.02, 0.04 and 0.06) (SHBT-
x) sample is prepared by solid state sintering method. The crystal structure of SBT remains orthorhombic even after Ho 
substitution. The microstructure and grain size of the samples were studied using Scanning Electron Microscopy (SEM). Studies 
of dielectric constant and dielectric loss with temperature at different frequencies have been carried out. Introduction of Holmium 
increased the Curie temperature of SBT thus making this ceramic suitable for sensor applications at higher temperatures. The 
electromechanical coupling factor also is studied. 
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1. Introduction 
Piezoelectric ceramics have been widely used for several applications, such as those in filters for mobile 
communications; resonators for microprocessors, actuators for inject printers, transformers for back–light invertors 
of liquid crystal displays and sensors for detecting shock and hard disc drives (HDDs). Recently the families of 
ferroelectrics have received greater attention for their use in the nonvolatile Ferroelectric Random Access Memory 
(FeRAM) [1, 2]. Among these ferroelectrics, perovskite Lead Titanate (PbTiO3), Lead Zirconate Titanate (PZT) and 
La-modified lead Zirconate titanate (PLZT) have been extensively investigated for the characteristics of large 
remnant polarization (Pr), moderately low coercive field (Ec), high Curie temperature, high dielectric constants, 
doi:10.1016/j.proeng.2011.04.447
Procedia Engineering 10 (2011) 2684–2689
1877-7058 © 2011 Published by Elsevier Ltd. 
Selection and peer-review under responsibility of ICM11
Open access under CC BY-NC-ND license.
© 2011 Published by Elsevier Ltd. 
Selection and peer-review under responsibility of ICM11 
Open access under CC BY-NC-ND license.
P. Sarah / Procedia Engineering 10 (2011) 2684–2689 2685
maximum coupling factors, higher dielectric loss, high mechanical compliance and reduced aging [3-7]. However, 
there is a serious polarization fatigue problem when using platinum as the electrodes of PZT thin films [8, 9] and 
environmental problem because of PbO present in the sample. A wide range of Pb-based ferroelectrics of perovskite 
structure have been extensively investigated for dielectric properties [10-12]. 
One of the view points of the family of Bismuth Layer-Structure Ferroelectrics (BLSFs) is their application to 
electronic functional devices such as resonators and high temperature sensors etc. In the case of resonator 
applications, piezoelectric elements are used as inductors. Furthermore BLSFs generally have higher 
CurieTemperature, Tc, than PZT based materials. Therefore BLSFs are an attractive alternative to PZT based 
materials for high temperature piezoelectric sensor applications. 
The general formula of BLSFs is given by (Bi2O2)2+ (Am-1BmO3m+1)2- , where A represents mono-, di-, trivalent or 
a mixture of them, B represents tetra-, penta- and hexavalent ions, and m is an integer corresponding to the number 
of BO6 octahedra in pseudo perovskite blocks. In the crystal structure, perovskite blocks, (Am-1BmO3m+1)2-, are 
interleaved with (Bi2O2)2+ layers along the c-axis, and ferroelectricity arises mainly in the perovskite blocks [13]. 
SrBi4Ti4O15 (m=4), as a typical BLSF material, has been well studied by many researchers from the stand point of a 
resonator application [14-16]. In this paper the results of dielectric constant and dielectric loss at different 
frequencies as a function of temperature have been reported. The ionic radius of Holmium is less than the ionic 
radius of Bismuth, so the Curie temperature is increased and we can use in higher temperature applications. 
2. Experimental 
The specimen SrBi4-xHoxTi4O15 (x=0.00, 0.02, 0.04 and 0.06) (SHBT-x) is prepared from commercially available, 
SrCO3, Bi2CO3, TiO2 and Ho2CO3 (Aldrich Chemicals, USA), through conventional solid state sintering route. The 
powder in stoichiometric ratios are ground well in agate mortar in acetone medium and then calcined at 800oC for 2 
hours. The calcined powder is again ground for 1 hour to crush lumps formed during calcination. The specimens are 
pressed with 1% polyvinyl alcohol as binder under a pressure of 250MPa into disks of 1mm thickness and 12mm 
diameter and then finally sintered at 1160 - 1200oC. The final sintering temperature is decided on the basis of high 
density after repeating sintering process. The density is measured using a density kit based on the Archimedes 
principle. Sintered powder is analyzed by X-ray diffractometer (Philips X’pert PW-3020).  The microstructure and 
grain size of the sample are identified by Scanning Electron Microscope (SEM) model LEICA S430. Contacts are 
made on both sides of the sample, using conductive silver paint. The dielectric constant and dielectric loss were 
measured as a function of temperature, from RT-700oC (at different frequencies) using LCR meter Wayne Kerr 
6500P.  
3. Results and Discussion 
Fig. 1 X-ray diffractogram of SBHT-0.00 (2ԧ vs. Intensity) 
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Fig. 2 Scanning Electron Microscope images of (a) SBHT- 0.00, (b) SBHT- 0.02, (c) SBHT- 0.04, and (d) SBHT- 0.06 
 
The density of samples thus obtained is over 90% of theoretical value.  
Figure1 shows X-ray powder diffraction patterns calcined powder of SBHT-x ceramics. The XRD analysis 
indicated that pure single phase of layered perovskite of ferroelectrics with m=4 were obtained, which means 
Ho3+dopant as  substitution  ions does not change the basic crystal structure, but the angle slightly shifted to the left 
as given in the table1. The highest intensity of the diffraction peak is (119) diffraction peak, although an additional 
peak Bi2O2 (220) also occurs.  
Figure 2 shows scanning electron micrographs of SBHT-x ceramics. All samples have a relatively dense 
structure, although small voids or pores were found in all samples. The samples have plate like grains and almost 
same microstructure. The average grain size is ~2m. 
Figure 3 shows the temperature  dependence of  the dielectric  constant measured at frequencies  1kHz 
,10kHz,50kHz,100kHz and 1MHz for SBHT-x ceramics. The ceramic samples show peaks in the dielectric 
constants corresponding to the Curie temperature, Tc, respectively. The dielectric constant in all cases increases with 
 increasing temperature and shows maxima at Curie temperature. It is interesting to note that the dielectric constant 
of SBHT-0.04 is significantly larger than that of the other samples. For a better comparison, dielectric constant at 
both RT and their curie points were plotted as a function of Ho3+ concentration as shown in figure 4 and 5(a). The  
dielectric constants at both RT and their respective curie points exhibit similar composition dependence. The 
dielectric constant increased with increasing Ho3+ content up to x=0.04, and then decreased with a further increasing 
Ho3+ content. At higher Holmium concentration the dielectric constant at both RT and their respective curie points 
as lower than that of x=0.04. Under the measurement conditions used in the current study, the dielectric constant 
consists of ionic and electronic polarization only. Because the ionic radius of Ho3+ is smaller than that of Bi3+, an 
increasing amount of Ho3+ would lead to a reduced electronic polarization. Ionic polarization would be strongly 
dependent on the lattice constant or unit cell volume. When the concentration of Ho3+ is 0.04, the lattice constant and 
unit cell volume depends on the diffraction angle. The diffraction angles were remain almost unchanged as given in 
table 1, then the lattice constant and unit cell volume remain almost unchanged. As a result, there would be an 
increased ionic polarization with an increased Ho3+concentration caused by a combination of unchanged unit cell 
volume and reduced ionic radius. An increase in dielectric constant indicates that the increase in ionic polarization is 
predominant over the decrease in electronic polarization. However, a higher concentration of Holmium caused a 
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reduction in the lattice constants and unit cell volume. As a result both ionic and electronic polarization would 
decrease with an increasing amount of Holmium introduced and therefore leads to reduced dielectric constant.   
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Fig. 3 Dielectric Constant vs. Temperature of   SBHT- 0.0 Fig. 4 Dielectric constant of SBHT-x as a function of Frequency at Tc 
Fig. 5(a & b) Dielectric constant and Dielectric Loss of SBHT-x as a function of frequency at RT 
 
Figure 5((a) & (b)) illustrates the dielectric constant and dielectric loss as a function of frequency ranging from 1 
kHz to 1MHz (Room temperature) for samples with 0, 2, 4, 6 and 8 % Holmium. These figures show that there is a 
drastic reduction in both dielectric constant and tangent loss as frequency increases from 1 kHz to 1MHz. Under the 
current experimental conditions, there are three possible contributions to dielectric constant; electronic, ionic and 
space charge polarization, because the dielectric field is (0.5 – 2V/cm) too small to alter spontaneous polarization. In 
this system, there would be no dipolar polarization. Response frequencies for atomic and ionic polarizations are high 
frequencies, where as space charge has a response frequency of ~ 100Hz. The drastic reduction in dielectric 
constants, as frequency increases from 1 kHz to 10 kHz, may be attributed to the space charge polarization for all 
the samples. At frequencies > 10kHz, space charge polarization no longer exists and, thus, the dielectric constant 
remains constant as the frequency increases. The loss tangent is caused by space charge and domain wall relaxation. 
From the above discussion, it is reasonable to assume that the space charge is the main reason for a drastic decrease 
in tangent loss as the frequency increases from 1 kHz to 1MHz. similar high loss tangent results at a low frequency 
range were also seen in bismuth vanadate and strontium bismuth vanadate niobate ceramics [17, 18]. 
Figure 6 shows the dielectric loss (from 1 kHz to 1MHz) as a function of temperature for SBT doped with 
various amounts of holmium. It is observed that holmium doping reduces the dielectric loss in SBT ceramics. 
It is possibly due to the formation of cationic vacancies that effectively suppress the formation of oxygen vacancies 
and decreases the contribution of such space charges and thus, a decrease in dielectric loss of doped SBT ceramics is 
observed [19, 20]. 
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The dielectric loss is very low especially when the temperature is lower than 400oC.With increasing temperature, 
the dielectric loss slightly increases and then sharply declines at a specific temperature. Generally the dielectric loss 
valley corresponds to the dielectric permittivity peak, although this need not always hold true. With a further 
increase in temperature the dielectric loss suddenly increases. The variable trends to   dielectric permittivity and loss 
are typical characteristics of BLSF compounds. The temperature dependence of dielectric behavior in the 
temperature range of 25oC-500oC was found to be very low indicating that SBHT-x compound posses stable high 
temperature dielectric properties. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 Dielectric loss vs. Temperature of SBHT- 0.00          Fig. 7 Curie temperature of SBHT-x as a function of Ho3+ dopant 
 
Figure 7 shows the Curie temperature (Tc) as a function of Ho3+ content. The Curie point gradually increases with 
increasing holmium, which would be another indication that a single phase layered perovskite was formed with up 
to x=0.08 Holmium substitution. In general, the increase of the Curie point in the system up to x=0.06 may be 
caused by the smaller Holmium ions substitution for Bismuth with an almost unchanged unit cell volume. Above 
x=0.06, the increase corresponds to the increase of unit cell volume. The Curie temperature increased with Ho3+ 
substitution in SBT ceramics. Ho3+ doping decreases the tolerance factor of SBHT-x. According to the theory of 
Donaji, decrease in tolerance will increase the Curie temperature [21].  
 
Table 1. Electromechanical coupling and piezoelectric constants of SBHT-x (x = 0, 0.02, 0.04 and 0.06) 
Sample Name Kp K33 d33 
SBHT-0.00 0.48 0.38 13pC/N 
SBHT-0.02 0.57 0.54 13.5pC/N 
SBHT-0.04 0.62 0.59 15pC/N 
SBHT-0.06 0.61 0.59 17pC/N 
 
Table1shows the piezoelectric properties of SBHT-x (x = 0.00, 0.02, 0.04 and 0.06) ceramics. As can be seen, 
Ho-doped SBT ceramics have high dielectric constant electromechanical coupling coefficients (kp and k33) and 
piezoelectric constant (d33). Hence, these ceramics can be regarded as good candidate materials for high 
temperature piezoelectric applications. 
4. Conclusion 
Ho3+ dopant SBT ceramics were prepared by solid state reaction method. Single phase formation has been observed 
by XRD studies. Though the ionic radius of Ho3+ is significantly smaller than Bi3+, there was no noticeable change 
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in the diffraction angle till 4% concentration of Ho3+. However, a gradual change in diffraction angle was observed 
with further increase in Holmium concentration. The Curie point increased gradually from 535oC for SBT to 630oC 
for SBHT-0.06. Dielectric constants were found to gradually increase with an increasing concentration of Holmium, 
reaching a maxima at 4 % Ho3+, and then reducing with a further increase in Holmium concentration. It was found 
that a high concentration of Holmium was likely to promote space charge polarization into the system, resulting in a 
drastic decrease in both dielectric constant and tangent loss as the frequency increased from 1 kHz to 10 kHz. These 
samples may find piezoelectric applications suitable at high temperature. In addition, SBHT-x (x = 0, 0.02, 0.04 and 
0.06) ceramics exhibited good electromechanical coupling coefficients and piezoelectric constants, which have 
considerable potential for use in piezoelectric applications suitable at high temperatures. 
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